Complex B vitamins as Biotin and Riboflavin are required by living organisms, not only for growth but also for metabolite production, and the feed market classifies them as growth promoters. Since Brazil will soon be one of the world's biggest animal protein producers, feed production is a large consumer of vitamins and micronutrients. The industry requires 10 mg riboflavin/0.2 mg biotin per kilogram of feed; a ratio of 40 ~ 50:1. Although few studies have been conducted specifically on riboflavin production using factorial design and surface response method as an optimization strategy, it is a common practice in biotechnology with many research reports available. However, there are no reports on the use of statistical design for biotin production. This study set out to evaluate medium composition influence on biotin and riboflavin production using a statistical design. There are no studies relating biotin and riboflavin production by Candida sp LEB 130. In this preliminary study to improve the simultaneous production of biotin and riboflavin, the maximum riboflavin/biotin ratio of 8.3 µg/mL was achieved with medium component concentrations of: sucrose 30 g/L, KH 2 PO 4 2 g/L, MgSO 4 1 g/L and ZnSO 4 0.5mL/L.
Biotin and riboflavin production by Candida sp. riboflavin production by Eremothecium ashbyii. Kalingan and Krishnan (9) showed that the concentration of yeast hydrolysate (which contains biotin and thiamin) that induced the highest vitamin production by Eremothecium ashbyii was 30 kg/m 3 , and the specific production rate increased by 48% when compared to control. However, contrary effects were also confirmed in the literature when riboflavin production by C.
guilliermondii was studied. While vitamins such as thiamine, nicotinic acid, inositol, and p-aminobenzoic acid are said to stimulate riboflavin production by C. guilliermondii, vitamin B 6 , biotin, pantothenic acid and folic acid are said to be ineffective (17) .
Although few studies have been conducted specifically applying them to riboflavin production (20, 21, 22, 28) , factorial design and surface response methodology as an optimization strategy is a common practice in biotechnology with many research reports of it (1, 5, 10, 13, 15, 23, 27 ).
However, there are no reports on the use of statistical design for biotin production. Statistical design is a tool that uses planned testing to ensure the scientific rigor of the approach.
Varying the factors simultaneously results in an improved
analytical methodology reducing the number of experiments or repetitions needed (23) , and that suggests that it might be a useful tool for optimizing metabolite production. Even so, there is no available statistical design for biotin production. For that reason, our initial study was to evaluate medium composition influence on biotin production using a statistical design.
Furthermore, comparing biotin production with riboflavin production in Candida sp. LEB 130 yeast isolated in a previous study in our laboratory was an intriguing proposition since no data is available for this yeast as it has only recently been isolated.
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RESULTS AND DISCUSSION
Elucidation of the significant media components for biotin production using a fractional factorial design (FFD)
There are no published studies on the use of statistical design techniques for biotin production. Moreover, very few studies on carbon source and nitrogen source roles in enhancing biotin biosynthesis have been conducted in the past.
The parameters sucrose (x 1 ), ammonium tartrate (x 2 ), were selected for fractional factorial design of the experiment. Twenty experiments were performed using different Biotin and riboflavin production by Candida sp.
combinations of the variables designing a fractional factorial 2 6-2 with four replicates at the centre point (n 0 = 4). Not only does the factorial design permit the identification of the components that are significantly relevant to biotin production, it also delineates the ranges of concentration within which they make a difference. According to Table 2 , it seems that increasing ammonium tartrate concentration also raises biotin production. The same effect is also noticed with ferric citrate; sucrose concentration, however, should not be higher than 15 g/L. Zinc and potassium salts did not influence biotin production significantly.
The significance of each coefficient was determined by Student's t-test and P-values, which are set out in Table 3 . The smaller the P-value is and the larger the magnitude of the tvalue, the higher the significance of the corresponding coefficient. Consequently, the concentration of sucrose markedly influenced biotin biosynthesis, with P-values of 0.001, despite its negative effect. On the other hand, KH 2 PO 4 and ZnSO 4 did not significantly affect the vitamin excretion within the limit of significance of 90%. Biotin production varied from 1.5 µg/mL to 5.6 µg/mL among the different levels of compound concentrations in the medium. The latter value was the highest biotin excretion achieved with the following concentrations: sucrose 10 g/L, ammonium tartrate 1 g/L, ferric citrate solution 1 mL/L and ZnSO 4 solution 1 mL/L. This value was 2.9-fold higher than the data obtained with the standard media composition described in the Materials and Methods section.
According to Table 2 , it seems that increasing ammonium tartrate concentration also raises biotin production. The same effect is also noticed with ferric citrate; sucrose concentration, however, should not be higher than 15 g/L. Zinc and potassium salts did not influence biotin production significantly.
The significance of each coefficient was determined by Student's t-test and P-values, which are set out in Table 3 Sulfur is important in the biotin biosynthetic pathway (8), so studying the influence of complex sulfur compounds, such as certain amino acids, would be useful. For instance, Rose et al. (24) found that amino acids as nitrogen sources were much more stimulating than NH 4 Cl in biotin production by
Pseudomonas aeruginosa.
Evaluation of media composition influence on riboflavin production by Candida sp LEB 130 using a 2 6-2 factorial design
Riboflavin production by Candida sp. LEB 130 was also tested in the same factorial design experiment described for biotin production to identify the medium components that play the most notable role in riboflavin production as well as the ranges of concentration within which they make a difference. Table 2 (Table 2) , it is clear that zinc did not have a stimulatory effect on riboflavin production by Candida sp. LEB 130 in this study, contrary to the findings of Demain (2) . Biotin and riboflavin production by Candida sp.
The influence of iron in riboflavin production by Candida sp.
is controversial (2, 3, 4, 17) . Ghanem et al. (4) , for example, found out that FeSO 4 .7H 2 O at 50 µg/L levels had an inhibitory effect on riboflavin production. On the other hand, Nishio and Kamikubo, (17) showed the positive effect of ferrous ion not only on growth but also on vitamin B 2 biosynthesis. In this factorial design study, however, the presence of iron ions did not significantly affect vitamin B 2 production ( Table 4 ).
The significance of each coefficient was determined by Student's t-test and P-values, which are set out in Evaluation of media composition influence on both simultaneous vitamin production by Candida sp LEB 130 using a 2 6-2 factorial design
There are no studies relating biotin and riboflavin production by Candida sp., hence our main objective here was to compare production of both vitamins in order to apply them in the feed industry as a suitable mix product. The feed industry requires 10 mg of riboflavin and 0.2 mg of biotin in each 1 kg of feed, a ratio of 40 ~ 50:1 (11) . In order to compare that figure to the experimental ones obtained in this study, it was established as one of the answers for the fractional factorial design described in Table 2 .
Vitamin production ratios varied from zero to 8. The significance of each coefficient was determined by Student's t-test and P-values, which are in Table 5 . Only ammonium tartrate and ferric citrate did not affect the vitamin production relation to a level of significance of 99%.
Biotin is a stimulator of riboflavin biosynthesis, and many authors report its use in the medium (7, 14, 17) . Hickey (7), for example, added 0.34 µg/L of biotin in his study of riboflavin production. Nishio and Kamikubo (17) reported that 1 µg/mL of biotin was not so effective in stimulating riboflavin production and potassium hydrophosphate resulted in maximal riboflavin production when added at a concentration of 5 g/L.
When Levine et al. (14) changed biotin concentration in the medium from 1 µg/mL to 2 µg/mL, riboflavin production actually decreased, while Sabry et al. (25) found that biotin did not affect riboflavin production by Candida guilliermondii at all. 
CONCLUSION
A preliminary study of biotin and riboflavin production was conducted. The with the tested media, sucrose and potassium salt should be considered for further studies since they were the most significant factors, according to this study. In short, the improvement of vitamin production observed during this study demonstrated the potential of the strain and provided relevant data on these preliminary tests for further investigation of the strain and the culture medium composition. The statistical designs proved to be important tools for evaluating medium performance and improving vitamin production. Also, this new medium compound formulation could be applied to improve vitamin production by other strains. Furthermore, even though this wild-type Candida sp. produces lower vitamin concentrations then commercial strains, it may be an important candidate for genetic modification to improve that production.
